The experiment was aimed to evaluate the effect of a biofertiliser containing the purple nonsulfur anoxygenic phototrophic bacterium Rhodobacter capsulatus (Ores, PSBIO System, Italy) on the growth of two poinsettia cultivars, 'Peterstar' and 'Maren', in comparison with the usual nitrogen fertigation. The plants were grown in a PMMA covered greenhouse, in 18 cm diameter pots filled with a peat based commercial substrate. Five treatments were compared: 1) the untreated control; 2) 120 mg N as NH 4 NO 3 per pot applied fortnightly from the pinching until the middle of November (in total 1320 mg N/pot); 3)-4)-5) biofertiliser Ores applied four times, the doses being 20 ml per pot of solution containing 0.75, 1.5 and 3 ml of the commercial product per litre of water, respectively. Before potting, the rootballs of the plants were immersed in the biofertiliser, then the biofertiliser was injected three more times at monthly intervals into different zones of the substrate. The experimental design was a split-plot, the cultivars being in plots and the treatments in sub-plots; there were three blocks and 8 replicates, with 240 plants total. Two weeks after potting, all the plants were pinched to eight nodes, and then fertilised every twenty days with a solution containing (mM) 1.5 P, 8 K, 3.5 Ca, 1.7 Mg, 9.5 Na, 8.0 Cl, 2.7 S, 0.04 Fe and micronutrients. Plant growth was controlled by the "cool morning" technique. Cv. Maren was a little affected by treatments; nevertheless, Ores at the highest dose reduced plant diameter and size of bract crowns. On the contrary, 'Peterstar' was favoured by Ores at 0.75 ml L -1 and, subordinately, 1.5 ml L -1 , that enhanced many growth parameters compared with the control, and in some case also in comparison with the usual nitrogen fertigation.
INTRODUCTION
In the recent years an increasing interest in ecologically sustainable growing systems in floriculture occurred (Latimer et al., 1996) . Traditional cultivation using mineral fertilisers loses even more than half the nitrogen distributed, causing economic and environmental damage as the fertiliser is transformed into a pollutant of surface and underground waters. The reduction of fertilisers has to be substituted by strategies that improve the nutrient uptake or utilization by the plants (Vernieri et al., 2005) . Some microbial-based products claim to reduce fertiliser use because they include bacteria that fix nitrogen nonsymbiotically or increase the availability of phosphates and micronutrients from the soil or substrate (Elliott and Broschat, 2002) . As a matter of fact, a great number of bacteria, especially gram-negative, proliferates in the rhizosphere and rhizoplane and establishes a mutual symbiosis of limited specificity with the plant. Such bacteria are defined plant growth promoting rhizobacteria (PGPR), since they are advantageous to the plant at the level of nutrient availability, the production of phytohormones and defence from phytopathogens. Nevertheless, their biotechnological use has given very variable results, probably due to the complexity of interactions that must become established and their sensitivity to environmental conditions (Reed and Glick, 2004; Artursson et al., 2006) .
The group of the anoxygenic phototrophic bacteria was used very little for the 1177 inoculation of agricultural soil (Allievi, 2004; Kobayashi and Kobayashi, 2001 ). However, some references in the literature have been highlighting the possibility of using these bacteria positively, especially for rice (Elbandry and Elbanna, 1999; Elbandry et al., 1999; Maudinas et al., 1981; Balloni et al., 1981; Kobayashi and Haque, 1971) , soyabean (Ping et al., 2003) , tomato (Yong et al., 1998; Balloni et al., 1981) , zinnia (Ping et al., 1994) , poplar and alder (Balloni et al., 1981) . Such bacteria can fix atmospheric nitrogen, can oxidize hydrogen sulfide to sulfur and sulfate, and produce amino acids, vitamins, enzymes, antimicrobic substances. Furthermore, the positive effect can be obtained even without the growth of bacteria, being attributable to substances already produced and contained in their cells or excreted into the cultural medium. Poinsettia is a very important container-grown species with a high nutrient requirement, and very sensitive both to deficiency and excess of nitrogen. A tendency toward shorter plants with less shoot dry weight can be observed with increasing N level from 100 to 325 mg L -1 in two applications per week throughout the growing cycle (Cox, 2001) . According to some authors, high quality plants can be produced applying 150 ml nutrient solution containing 200 mg L -1 N at watering each pot (Conley et al., 2002) . With N deficiency, plants had fewer and smaller leaves, stems are more upright and reddish in colour; chlorotic symptoms are usually first observed in older leaves.
The aim of the experiment described herein was to determine the effect of a commercial liquid inoculant containing the purple nonsulfur anoxygenic phototrophic bacterium Rhodobacter capsulatus on the growth response of poinsettia in comparison with the usual nitrogen fertigation, following a typical production schedule.
MATERIALS AND METHODS
Plants of poinsettia (Euphorbia pulcherrima Willd.) cv. Peterstar and Maren were grown in a PMMA covered greenhouse at the Centre for Advanced Technologies in Greenhouse (Ce.T.A.S.), University of Milan, in the period August-December 2004. Both the cultivars were light green leaf type, whereas bracts were red in 'Peterstar' and pink in 'Maren'. At the beginning of August, young plants with 6-8 leaves were potted into 18 cm diameter pots filled with a peat based commercial substrate containing 12% perlite and 3% clay (by volume), and 1.2 kg m -3 NPK 14-16-18 fertiliser fortified with trace elements; pH was 5.5-6.5 and EC 1000-1200 µS cm -1 . Five treatments were compared: 1) the non-treated control; 2) 120 mg N as NH 4 NO 3 per pot applied fortnightly from pinching until the middle of November (in total 1320 mg N/pot, equivalent to 51 g m -2 of substrate); 3)-4)-5) the biofertiliser Ores applied four times, the doses being 20 ml per pot of solution containing 0.75, 1.5 and 3 ml of the commercial product per litre of water, respectively (in total 0.6, 0.12 and 0.24 ml per pot, respectively). Before potting, the rootballs of the plants were immersed in the biofertiliser, then the biofertiliser was injected three more times at monthly intervals into different zones of the substrate. The experimental design was a split-plot, the cultivars being in plots and the treatments in subplots; there were three blocks and 8 replicates, 240 plants in total.
Two weeks after potting, the apical growing point was removed over the eighth leaf to stimulate branching, and then plants were fertilised every twenty days with a solution containing (mM) 1.5 P, 8 K, 3.5 Ca, 1.7 Mg, 9.5 Na, 8.0 Cl, 2.7 S, 0.04 Fe and micronutrients. Plant growth was controlled by the "cool morning" technique, according to which the temperature was lowered suddenly in the early hours of the day. The temperature was set at 18°C min, 21°C max (respectively 16° and 20°C from the middle of November), lowered to 13-14°C at sunrise for 3-4 hours (four hours in SeptemberOctober, three hours in November-December).
Plants were drip irrigated through two emitters per pot (flow rate of 2 L h -1 ); watering timing and dose varied on the basis of plant growth stage and drainage water percentage.
At the end of the growth cycle an assessment was made of plant height and diameter (average of two plant diameter measurements taken at right angles to each other), diameter of bract crowns, length, width and number per inflorescence of bracts, fresh and dry weight of shoots (leaves, stems and bracts).
All the data were subjected to analysis of variance based on a split-plot design model, and means were separated according to Duncan's Multiple Range Test (P<0.05). The percentages were transformed in arcsin √p/100 to ensure that the assumptions for the statistical models had been met. All statistical analysis were carried out using MSTAT-C software (Michigan State University). Table 1 shows the results obtained on the two cultivars. As far as concerns plant height, there were few differences. In cv. Maren, Ores at the highest concentration (3 ml L -1 ) reduced the height compared with the control, while in 'Peterstar' this dose determined an average height like the control, but lower than for the other treatments. Height is an important parameter related to plant vigour; nevertheless, it must be borne in mind that, for marketing reasons, poinsettias grown in pots must not be too high, so growth retardants are usually applied. The high plant height uniformity observed in this trial was probably due to the "cool morning" treatment, that also in previous experiments carried out in similar growing conditions gave very good results (Martinetti and Brumana, 2001 ). On the whole, plant height and stem architecture were satisfactory, having the plants a rounded form fitting marketing standards (Bazzocchi and Giorgioni, 2000) . 'Peterstar' was generally higher than 'Maren'.
RESULTS AND DISCUSSION
Nitrogen fertigation and 0.75 ml L -1 Ores enhanced the diameter of the plant in 'Peterstar' (respectively, +7.5% and +8.2% in comparison with the control), while Ores at the highest dose had only a negative effect on 'Maren'. In 'Peterstar' the diameter of bract crowns was significantly higher with 0.75 and 1.5 ml L -1 Ores (about +6% compared with the control). Instead, in 'Maren', there was again only the negative effect of the highest dose of Ores.
On average, each plant presented six coloured bract crowns; this high uniformity was because we left the same number of buds on the plants during the pinching. The size of the coloured bracts was generally very homogeneous. Nevertheless, in 'Peterstar', 0.75 ml L -1 Ores enhanced their length and width in comparison with the control and the nitrogen fertigation; as for bract width, 0.75 or 1.5 ml L -1 Ores treatments were equivalent in this cultivar. In 'Maren' there was a negative effect of treatment with 3 ml L -1 Ores on bract length. The number of bracts per inflorescence was slightly increased by 0.75 or 1.5 ml L -1 Ores in 'Peterstar' (respectively +9.8% and +7.3% compared with the control), while in 'Maren' no difference was observed.
In 'Peterstar' fresh and dry shoot weight were significantly higher in the nitrogen fertigation treatment and in 0.75 or 1.5 ml L -1 Ores, whereas in 'Maren' N fertiliser determined the highest values. These findings are very interesting, for fresh and dry weights are the most important growing parameters. Shoot dry matter percentage remained unaffected by the treatments (on average, 15.6% in both the cultivars).
Generally speaking, the poinsettia cultivars were affected differently by the treatments: in 'Maren' Ores at highest dose reduced plant diameter and size of bract crowns; on the contrary, 'Peterstar' was favoured by 0.75 ml L -1 and, subordinately, 1.5 ml L -1 Ores, that enhanced many growth parameters compared with the control, and in some case also in comparison with the usual nitrogen fertigation. Genotype-dependent symbiotic interactions were noted also by Murphy et al. (2000) in strawberry using commercial biofertilisers based on VA mycorrhizal fungi.
The biofertiliser showed no signs of phytotoxicity; nevertheless the highest dose resulted excessive, and sometimes detrimental for plant growing and flowering.
It is noteworthy that positive effects of Ores concerned the most important characteristics of poinsettia (diameter of bract crowns, size and number of coloured bracts, fresh and dry shoot weight). Although the growth increase was not very high, the positive reaction of the plants to biofertilisation was highlighted. Probably the high fertility of the substrate commonly used in poinsettia cultivation reduced the effect of both the biological and the mineral nitrogen fertigation.
CONCLUSIONS
The tested biofertiliser belongs to a little known category but one of certain interest given the scientific literature available. Our test appears the first, in the international literature, to present a commercial product containing anoxygenic phototrophic bacteria as the biological agent, and confirm some reports for other crops using selected inoculants. As a matter of fact, in the poinsettia cultivation the biofertilisation gave positive results with regard to several growing aspects, and could be used to substitute or reduce the application of nitrogen fertilisers, consequently reducing the level of environmental pollution due to floricultural activity. Nevertheless, some different genotype-dependent response may be expected, and further trials to establish the best dose and timing of application are advisable. 
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